A novel toxin from the venom of the scorpion Tityus trivittatus, is the first member of a new α-KTX subfamily  by Abdel-Mottaleb, Yousra et al.
FEBS Letters 580 (2006) 592–596A novel toxin from the venom of the scorpion Tityus trivittatus, is the
ﬁrst member of a new a-KTX subfamily
Yousra Abdel-Mottaleba, Fredy V. Coronasb, Adolfo R. de Roodtc,
Lourival D. Possanib, Jan Tytgata,*
a Laboratory of Toxicology, University of Leuven, Onderwijs and Navorsing II, Herestraat 49, Postbus 922, 3000 Leuven, Belgium
b Department of Molecular Medicine and Bioprocesses, Institute of Biotechnology, National Autonomous University of Mexico, Av. Universidad,
2001 Cuernavaca 66210, Mexico
c National institute for the Production of Biologicals, Administracio´n Nacional de Laboratorios e Instituto de Salud ‘‘Dr. Carlos G. Malbran’’
Buenos Aires, Argentina
Received 12 December 2005; accepted 17 December 2005
Available online 4 January 2006
Edited by Maurice MontalAbstract The ﬁrst example of a new sub-family of toxins (a-
KTx20.1) from the scorpion Tityus trivittatus was puriﬁed, se-
quenced and characterized physiologically. It has 29 amino acid
residues, three disulﬁde bridges assumed to adopt the cysteine-
stabilized a/b scaﬀold with a pI value of 8.98. The sequence
identities with all the other known a-KTx are less than 40%.
Its eﬀects were veriﬁed using seven diﬀerent cloned K+ channels
(vertebrate Kv1.1–1.5, Shaker IR and hERG) expressed in
Xenopus leavis oocytes. The toxin-induced eﬀects show large
diﬀerences among the diﬀerent K+ channels and a preference
towards Kv1.3 (EC50 = 7.9 ± 1.4 nM).
 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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channels1. Introduction
Stings of scorpions of the genus Tityus are known to cause
deadly accidents in Latin American countries (reviewed in
[1]), which have motivated the conduction of biochemical
and electrophysiological studies of their venom components.
From the Argentinean scorpion Tityus trivittatus, to the best
of our knowledge, there is only one report in which a butan-
toxin-like component was isolated and characterized [2]. How-
ever, from scorpion venoms over 120 diﬀerent peptides were
isolated and shown to recognize and to block with distinct
aﬃnities a variety of diﬀerent K+ channels [reviewed in [3]].
These channels play a critical role in a wide variety of physio-
logical processes, including cell excitability, the regulation of
heart-beating, muscle contraction, neurotransmitter release,
hormonal secretion, signal transduction and cell proliferationAbbreviations: KTx, K+ channel toxin; hERG, human ether-a-go-go
related gene; HPLC, high performance liquid chromatography; TFA,
triﬂuoro acetic acid; Kv, voltage-gated K+ channel; IKCa1, Ca2+
-activated K+ channels
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doi:10.1016/j.febslet.2005.12.073[4]. Toxic peptides have played a fundamental role for studying
many structural and functional features of K+ channels. Scor-
pion toxins that target K+ channels (KTx) are compact pep-
tides that typically contain 23–43 amino acid residues and
three or four disulﬁde bridges [3]. Moreover, almost all of these
toxins adopt a highly conserved secondary structure, the cys-
teine-stabilized a/b scaﬀold. These toxins have been classiﬁed
into four large families: a-, b-, c- and j-KTx [3]. A systematic
nomenclature was proposed for a-KTx’s , based on 13 inde-
pendent sub-families [5], which were later increased to 19 [3].
Here we describe a peptide that constitutes the ﬁrst example
of novel sub-family of scorpion speciﬁc K+ channel blocker
(a-KTx20.1). Tt28 (trivial name abbreviated from the genus
and species ﬁrst letter followed by 28, time in minutes that
elutes from the HPLC system) is a bona ﬁde novel type of scor-
pion toxin. In this paper, the puriﬁcation, sequencing and
physiological eﬀect of this toxin were described. Tt28 is a short
chain peptide with 29 amino acid residues and six cysteines. It
aﬀects preferentially the voltage-gated K+ (Kv)1.3 channels at
low nanomolar concentration.2. Materials and methods
2.1. Sources of venom, materials and isolation procedures
Venom from T. trivittatus scorpion and materials used were from
sources described in our previous publication [2]. The isolation proce-
dures were the same up to the ﬁrst high performance liquid chromato-
graphic (HPLC) step, also described in [2]. However, two additional
steps were introduced. The ﬁrst consisted in separating the main com-
ponent that elutes on time 28 by a linear gradient of solution A (water
in 0.12% triﬂuoroacetic acid, TFA) to solution B (acetonitrile in 0.10%
TFA) using an analytical C18 reverse-phase Vydac column (Hisperia,
CA, USA) for 60 min. The ﬁnal puriﬁcation was obtained by using the
same system but with a 5% solution A to 60% solution B, run for
90 min. For the initial HPLC separation an aliquot of 1.18 mg soluble
venom was loaded on the column. For the ﬁrst rechromatographic
step, 100 lg protein sample was applied, and for the last HPLC sepa-
ration only 20 lg of peptide was used.2.2. Amino acid sequence determination
Amino acid sequence determination of native toxin and a sample of
the alkylated toxin (propionamide derivatives of cysteine residues, as
provided by the manufacturer) were performed by automatic Edman
degradation in a Beckman LF 3000 Protein Sequencer (Palo Alto,
CA, USA), using chemicals and procedures previously described [2].
The three last residues, at the C-terminal region were obtained by massblished by Elsevier B.V. All rights reserved.
Fig. 1. Puriﬁcation and primary sequence determination of Tt28 from
the venom of T. trivittatus. (A) Soluble venom from T. trivittatus
(1.18 mg) was loaded onto the C18 reverse phase column of an HPLC
apparatus and run as previously indicated in [2]. The main component
that elutes on time 28 was separated by a linear gradient of solution A
(water in 0.12% triﬂuoroacetic acid, TFA) to solution B (acetonitrile in
0.10% TFA) for 60 min. A second step was required to purify the toxin
using the same system but with a 5% solution A to 60% solution B,
run for 90 min. (B) Primary sequence of Tt28. ‘‘Direct’’: sequence
obtained by Edman degradation, ‘‘ms’’: residues identiﬁed by MS/MS
fragmentation.
Fig. 2. Sequence alignment of Tt28 with other a-KTX. Tt28 amino acid seq
subfamilies 1–19 in the same conditions as described earlier [3]. I%, the iden
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Jose, CA, USA) equipped with a Surveyor MS pump delivery system
was used, as also described in details elsewhere [6].
2.3. Sequence comparison analysis
The amino acid sequence of Tt28 was analyzed by BLAST [7] and
FASTA [8] searches. Both retrieved only a-KTx peptides, although
with low similarity scores. To perform a more in-depth analysis, the
full set of a-KTx currently available in the literature was used to gen-
erate a multiple sequence alignment (MSA) with Clustal W [9].
2.4. Electrophysiological experiments
2.4.1. Expression in oocytes. cRNA for Kv 1.1–1.5 channels as well
as human ether-a-go-go related gene (hERG) channels were prepared
as previously described [10,11].
Stage-V Xenopus laevis oocytes were harvested by partial ovariec-
tomy under anaesthesia (3-aminobenzoic acid ethyl ester methanesul-
fonate, 0.5 g/l, Sigma). The oocytes were defolliculated by 2 mg/ml
collagenase (Sigma) in Ca2+-free ND-96 solution. Between 1 and
24 h after defolliculation, oocytes were injected with 50 nl of cRNA.
The oocytes were then incubated in ND-96 solution (in mM: NaCl
96, KCl 2, CaCl2 1.8, MgCl2 2 and HEPES 5 (pH 7.4), supplemented
with 50 mg/ml gentamycin sulphate, Sigma) at 16 C.
2.4.2. Electrophysiological measurements. Two-electrode voltage-
clamp recordings were performed at room temperature using a Gene-
Clamp 500 ampliﬁer (Molecular devices) controlled by a pClamp data
acquisition system (Molecular devices). Whole-cell currents from oo-
cytes were recorded 1–5 days after injection. Voltage and current elec-
trodes were ﬁlled with 3 M KCl. Resistances of both electrodes were
kept low (<0.5 MX). Currents were sampled at 500 Hz, 250 Hz and
1 kHz and ﬁltered using a four-pole low-pass Bessel ﬁlter, at 200,
100 and 500 Hz for Kv1.1–Kv1.5, hERG and Shaker IR, respectively.3. Results and discussion
3.1. Puriﬁcation and primary structure determination
As described earlier, HPLC fractionation of crude soluble
venom from T. trivittatus allowed the separation of at least
50 diﬀerent components [2]. The peak labeled with asterisk
in reference [2] is not pure, but contains clearly two peptides.
The major peak in Fig. 1A of this communication is butan-
toxin [2]. The secondary component that elutes earlier (labeleduence was compared to a representative example taken for each of the
tity score of the peptide compared to Tt28.
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order to obtain a homogeneous component. As shown in the
inset of Fig. 1A the last step of separation permitted to obtain
a symmetrical peak, that under analysis showed to be homoge-
neous (only one amino acid residue per cycle of the sequencer)
and only one component by mass spectrometry, with an exper-
imentally determined molecular mass of [M + H+] 3310.3
atomic mass units (a.m.u.). The ﬁnal recovery yield of the pure
peptide shows that it corresponds to 1.7% of the protein con-Fig. 3. Selected current traces showing the eﬀect of 0.5 lM Tt28 on Kv1.1,
hERG channels. (A–F) Currents were evoked by depolarization from a holdin
currents were induced by depolarization to 0 mV, holding potential was 90
to control conditions. (H) Concentration-dependence of toxin Tt28. EC50 va
response curves were shown as a plot of the percentage of unblocked curren
mean ± S.E.M. for 3–5 experiments.tent of the soluble venom. The puriﬁed peptide and a sample
reduced and alkylated as described in Section 2.2 were se-
quenced by automatic Edman degradation and the sequence
of the ﬁrst 26 amino acid residues were unequivocally deter-
mined, as indicated in Fig. 1B, underlined ‘direct’. The three
most C-terminally situated residues (PGR) were sequenced
by mass spectrometry fragmentation (MS/MS), as indicated
underlined by ‘ms’ in Fig. 1B. The theoretical molecular mass
calculated for this 29 amino acid long peptide was 3309.9 inKv1.2 (73% Block), Kv1.3 (82% Block), Kv1.4, Kv1.5, Shaker IR and
g potential of 90 to 0 mV, then clamping back to 50 mV. (G) hERG
mV then clamping back to 70 mV. (\) marks Tt28 addition compared
lues were 102 ± 7.6 nM for Kv1.2 and 7.9 ± 1.4 nM for Kv1.3. Dose–
t as a function of increasing toxin concentrations. Each point was the
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than one mass unit of diﬀerence), conﬁrming the completion
of the sequence.
3.2. Comparative sequence analysis
The amino acid sequence of Tt28 was aligned against all the
known a-KTxs (more than 120 to date) [3]. The identities fell
lower than 40% against any of the toxins considered (Fig. 2).
Based on the criteria published by Tytgat et al. [5], Tt28 was
classiﬁed in a new sub-family as a-KTx 20.1. Deﬁnitive assign-
ment of the disulﬁde linkages of Tt28 remains to be deter-
mined, but it is reasonable to assume that the peptide will
adopt the well-known cysteine-stabilized a/b scaﬀold and
therefore contains the typical disulﬁde pairing of other a-
KTx sub-families [12].
3.3. Electrophysiological studies
The biological eﬀect of Tt28 was investigated in Xenopus
laevis oocyte heterologously expressing a single type of Kv-
channels. Tt28 (0.5 lM) reduced K+ currents through Kv1.3
and Kv1.2 by 82% and 73%, respectively, but failed to inhibit
Kv1.1, Kv1.4, Kv1.5, Shaker IR or hERG channels. The
EC50 values (Fig. 3) were 102 ± 7.6 nM for Kv1.2 and 12-
fold less for Kv1.3 (7.9 ± 1.4 nM) placing Tt28 in the same
potency range as ChTx [13,14] and Pi [15] toxins. It is inter-
esting to note that Tt28 lacks a classical dyad that might be
responsible for its relatively potent eﬀect on Kv1.3 channels
[16], nevertheless, it contains Tyr residues at positions 6 and
19 together with Lys residues at positions 12, 14, 22 and
25. Since similarity scores are very low, results of homology
modeling and assignment of the Kv1.3 blocking activity to
a dyad or other amino acid residues [17–20] seem unreliable.
Therefore, future NMR studies will provide further informa-
tion regarding the functional epitope for Kv channels block-
ing activity.
Kv1.3, together with Ca2+-activated K+ channels (IKCa1),
dominates the K+ conductance in the human T lymphocytes.
Depending on the nature and physiological function of the
T cells, their activation induces a speciﬁc change in the
K+ channel repertoire [21,22]. For example, activation of
eﬀector memory T cells (TEM) is accompanied by an increase
in the number of Kv1.3 channels without any change in the
IKCa1 levels [22]. The diﬀerence in the K+ channel domi-
nance allows speciﬁc interference with their activation using
selective blockers [23]. Potent toxins and their derivatives,
constitute good lead compounds for the development of no-
vel immunosupressive peptides of therapeutic value [24]. In
this respect, Tt28 blocking Kv1.3 in the low nanomolar
range, might serve as a potential candidate for immunomod-
ulation studies.
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